I. INTRODUCTION
The exotic states are the states which could not be explained by conventional mesonic (qq) and baryonic (qqq) scheme. Nowadays, the experimental facilities across the world, generating the huge amount of data (states) which need extra theoretical attention [1] [2] [3] [4] [5] . All these states carried the information of the fundamental behaviour of the QCD. As per the underlying theory, only the color neutral states are possible, just like mesons and baryons. The theory predicted more complicated color neutral states like tetraquark, pentaquark, hexaquark, hybrid, glueball and molecule like structures [6] [7] [8] [9] [10] . The explanation of structures and dynamics of such states are still open questions.
Recently, some experimental groups like, BES III-collaboration [11] [12] [13] , GAMS-group at CERN and BNLE852-collaboration [14] [15] [16] [17] had observed few states (below 2.5 GeV), may have exotic structure and quantum numbers, required theoretical attentions. In such aspect, the spectroscopy of mesons are playing a dominant role in the study of the QCD, especially, the light meson sector which carries the information of nonperturbative regime. The scalar mesons in the light mass regime may give the clue for the symmetry breaking, as they have the same quantum numbers as of vacuum. The difficulties with the study of light mesons sector are their large decay widths as well as their appearance does not come with narrow isolated peaks.
In this paper, we have studied the molecule like structure of mesons in the light flavour (u,d,s) sector. We have listed many possible candidates for the exotic states in Table-1 (for reference) . The multiquark states have been studied and predicted previously in Bag model and in nonrelativistic potential models [6] [7] [8] [9] [10] [18] [19] [20] [21] [22] . The molecular like structures have been studied in various theoretical approaches like potential models [18] [19] [20] [21] [22] [23] [24] [25] [26] , gauge invariant model [27] , QCD sum rules [28, 29] , Bethe-Salpeter equation approach [30] and field theory approach [31] . Recentaly, the molecular-like states are predicted in the framework of chiral SU(3) quark model [32] , Ref. [33] have studied the 
photoproduction of the tensor states.
We have studied the molecular dimesonic (meson-antimeson) systems in the potential model framework. The multiquark structure (four quark state) could be formed by two ways, (i) no subcomponent of system could make color neutral, probably known as tetraquark. (ii) the quark-antiquark subcomponent (meson) is being color neutral and same for the other subcomponent (antimeson). In the second case the both color neutral subcomponent makes bound state, say dimesonic state. The dimesonic system consists the meson-antimeson bound state, just like deuteron (bound state of the proton and neutron). By taking this approximation, we have employed various interaction potentials like Yukawa like potential, one pion exchange and sigma exchange potential. The meson-antimeson system have been studied previously with the same approximation by Törnqvist [24, 25] and introduced it as a ′ duesons ′ . The mass of the dimesonic state should be less than the sum of the mass of the two respective mesons and the binding energy of the system should be small. The theoretical calculation of this binding energy of dimesonic states is very complex. As such, it deals with the delicate cancellation of short range and long range repulsion and attraction respectively.
Recently, We have successfully used the Hellmann (Coulomb+Yukawa) potential with one pion exchange potential to study the molecular binding of meson-antimeson systems [34] . In the present study, we replaced these pseudopotential by Yukawa like potential with one pion exchange and sigma exchange potential. In contrast with [34] , to incorporate the meson exchange theory in a more consistent way, we have used the sigma exchange with Yukawa-like potential. The Yukawa like potential creates screening effects through a parameter appeared in the potential somehow control the coulombic interaction. For instance, we assume it as for gulonic field and the screening parameter as a color screening parameter. In such a way, our model carried only one fitting parameter.
With this potential, in the Ritz variational scheme and by using the hydrogenlike trial wave function, we have solved the Schroedinger equation and extract the ground state energy eigenvalue. The aim of the study is to obtained the mass spectra of dimesonic systems in the one boson exchange (π, σ) model with the Yukawa like potential. To test the interaction potential mechanism used by us, we apply it first to the state f 0 (980). The state f 0 (980) has widely been believed to as a K − K molecule in the literature. We calculate the mass spectra and binding energy for the f 0 (980). Due to the parity violation, the one pion exchange potential could not be applied to the dimesonic systems consist of two pseudoscalars. As such, these systems interacting through sigma exchange with the Yukawa like potential. The whole model carry only one fitting parameter appeared in the Yukawa like potential. We fit this parameter to get the approximate binding energy of the state f 0 (980) and according to this binding energy the digamma width have been found very close to the experimental results [1] . Thus, we have fixed this parameter for all other dimeosnic combinations for their mass spectra. We have calculated the digamma decay width by using the formula given by Ref. [35] . In the dimesonic states, we have used meson and anti-meson constituents which are colour singlets, so confinement potential is not required as required in quark anti-quark system [36] . In this molecular system the kinetic energy of the constituent mesons in the bound state is also small, so that the relativistic effects can be neglected and the present method represents the same [36] . By considering the Pseudoscalar and Vector mesons for dimesonic states, we have three combinations (i) Pseudoscalar-Pseudoscalar (PP-states) (ii) Pseudoscalar-Vector (PV-states) (iii) Vector-Vector (VV-states).
The paper is arranged as follows, after the introduction, we present the framework and model of the present study, in the subsection we have discussed the digamma widths of the systems. In the third section, we have discussed the results and the last section dedicated for conclusions.
II. THEORETICAL FRAMEWORK
The variational scheme is employed to solve the Schrdinger equation and to get the value of variational parameter for each state, the virial theorem is used. The Hamiltonian of the dimesonic (meson-antimeson) system is given by [37] [38] [39] [40] 
where m h1 and m h2 are masses of mesons, P is the relative momentum of two mesons and V(r) is the molecular interaction potential of the dimesonic system. In the present study, we have dealt with the light flavour mesons (except pions). To incorporate the relativistic correction to the kinetic energy, we have expanded the kinetic energy term of the Hamiltonian up to O(P 8 )
The interaction potential of meson-antimeson system is consisted the Yukawa like potential, one pion exchange potential (OPEP) (V π ) and sigma exchange potential (V σ ). Whereas, the spin dependent potential V SD added perturbatively. r 12 is the relative co-ordinates of meson-antimeson system, k mol is the residual strength of strong running coupling constant and C is the effective color screening parameter of the confined gluon [18, 19] . The dimesonic molecular interaction is consist with the complicated interaction of short range repulsion and long range attraction. The Yukawa like potential and sigma exchange potential cares for short and mid range interaction while one pion exchange potential take care for long range part. The value of the k mol (running coupling constant) is determined through,
where M = 2m h1 m h2 /(m h1 +m h2 ), M B =0.95 GeV and Λ=0.413 GeV [41] whereas n f is number of flavours. One pion exchange potential (OPEP) and σ exchange potential [42] [43] [44] is used, based on the assumption that molecular like structure of dimesonic system is being deuterium like structure of nucleon [23] . The conventional OPE potential is consist with the tensor interaction term which plays a dominant role in NN scattering [45, 46] . If two hadrons are in L=0 (ground state) state, then the matrix element of tensor operator becomes zero [47] . The sigma exchange includes spin-orbital interactions and as we dealt with the system of S-wave (L = 0), the term with spin-orbital coupling vanishes. The nonrelativistic form of the pion and sigma exchange potential is used here [42] [43] [44] .
where g=g 8 is a quark-meson coupling constant for π, K, and η. The coupling constant for sigma meson is taken to be the same as for pseudoscalar meson, g 8 =0.69, is taken from [42] [43] [44] . The τ and σ are isospin, spin matrices respectively. Λ M = km M (m M -exchange meson mass) is the form factor, appears due to the dressing of quarks and assumed to be depends on the exchange boson masses. Where m i and mj are the constituent masses in GeV, m π =0.1349 GeV, m σ =0.675 GeV and k=2.2. For PV states the values of spin-isospin factors have been taken as (τ i · τ j ) (σ i · σ j ) =-3,1 for I=0,1. While for VV states values taken as (τ i · τ j ) (σ i · σ j ) =-6,-3,3 for isospin I=0 and spin S=0,1,2 respectively. Whereas for isospin I=1 and spin S=0,1,2 it takes values (τ i · τ j ) (σ i · σ j ) = 2,1,-1. The values of spin-isospin factor are from ref. [24, 25] and the other parameters used in pion exchange potential are from Ref. [42] [43] [44] 47] .
The spin dependent interaction potential added separately [18, 19] V SD = 8 9 
Where the spin factor S 1 · S 2 can be found by general formula
[18]. We have used the hydroginic like trial wave function such as,
where µ is the variational parameter and L 2l+1 n−l−1 (µr) is the Laguerre polynomial. We have fixed the color screening parameter C = 0.15 GeV for all the dimesonic combinations. The experimental (PDG) masses of the mesons are used for the present study, tabulated in Table- 
by employing the Ritz variational scheme for mass calculation and µ is determined for each state using the virial theorem [37, 39] .
The one pion exchange potential for the meson-antimeson system in Eq. (6) is spin-isospin dependent. The spin-isospin dependency of one pion exchange have been discussed by Törnqvist for ′ deusons ′ [24, 25] . We get attractive channel for (S,I) = (1,0) for PV-states while repulsive for (S,I) = (1,1) channel. In VV-states, we got an attractive channel for (S,I) = (0,0)(1,0)(2,0) while repulsive for (S,I) = (0,1)(1,1)(2,0). The two Pseudoscalar could not be bound by Pseudoscalar due to parity violation [23] [24] [25] , for such PP-states, we have not considered the one pion exchange potential. For the PVstates, the pion as a constituent is too light and gives large kinetic energy which is difficult to beat by potential to bind a molecule [25] . Thus, we have not considered the pion for dimesonic system, as it required relativistic treatment. The calculated masses are close to experimental measurements(PDG), tabulated in Table-4. Since angular momentum, spin, isospin, parity all are conserved in strong interaction, be a good quantum number for dimesonic system. Thus, we can apply a usual coupling rule to dimesonic states. The orbital angular momentum of meson and antimeson are L 1 and L 2 respectively. In same way spin denotes by S 1 , S 2 and isospin I 1 , I 2 . Employing the coupling rules, one has the relative orbital momentum and total spin of system L 12 and S 12 . Whereas, the total angular momentum to be J = L 12 + S 12 . In the similar way, we have I = I 1 + I 2 . The parity of the two particle system (meson -antimeson) is given by P = P 1 P 2 (−1) L12 [21, 22] while the charge conjugation be C = (−1)
L12+S12
[48] and G-parity define as G = (−1) L12+S12+I . While one can refer ref. [21, 22, 48] for more detailed discussion about quantum numbers for normal mesons as well as for exotic states. The spin, isospin, angular momentum for some states are listed in Table-3 .
A. Digamma width
The digamma decay width have been calculated on hadron loops employing an expansion in the range for force while the leading term assumes to a point like vertex. The formula with leading order correction [35] is being
Γ γγ is given by eq. (12) m sa = 2m − ε
where α = e 2 /4π indicate fine-structure constant and the factor ξ = 1 √ 2
, the β = 0.8 GeV, m is the mass of constituent meson, m sa is the mass of molecular meson and ε is binding energy. The digamma decay widths are tabulated in Table-5 .
III. RESULTS AND DISCUSSION
We have employed the semirelativistic approach to calculate the masses and digamma decay width of the proposed dimesonic molecular states. Here, we have considered the three combination PP-states, PV-states and VV-states. Our results are tabulated in Table-4 &5. The Yukawa-like potential with sigma exchange and one pion exchange potential are used as an interaction potential for dimesonic systems. We have found that the contribution from Yukawa-like potential being approximately 80∼85% (attractive), sigma exchange 12∼15% (repulsive) and one pion exchange uo to 3% (attractive or repulsive depending upon spin-isospin channel) to the net potential strength.
We have applied our model to f 0 (980) which is widely believed to be a K − K molecule in literatures [1] . The color screening parameter C is the only the parameter which has fitted once, to get the approximate mass of the state f 0 (980). The calculated mass is found 985 MeV with approximately 9.8 MeV binding energy and both are close to experimental measurements [1] . In the Ref. [34] , the binding energy was found nearly 20 MeV which is almost twice then in the present study (see Table-3 Ref. [34] ), same with other dimesonic states. The digamma width and mass is being found close in agreement with experimental results [1] . Thus, we have used this model to study other dimesonic combinations. The various dimesonic states are very close to the experimentally observed states in accordance to their masses. The molecular state should have small binding and large radius compared to the size of their constituents. We have found radius of all combinations near ∼ 2 fm to ∼ 4 fm with small binding energy, see Table- [1] . Moreover, some states like f 0 (1500) and a 2 (1700) compared with ρ − ρ and K * − K * having 20 to 50 MeV deference in mass compared to experimental measurement [1] . The quantum numbers for the dimesonic system are assigned as discussed in the previous section. The digamma decay width for the states f 0 (980) and f 2 (1565) are in agreement with experimental values, while for the state a 2 (1700) has been overestimated, see Table- 5.
IV. CONCLUSIONS
On the basis of mass spectra and quantum numbers, we are able to identify states having promising nonstructures. The calculated masses and digamma widths of the compared states are close to the experimental measurements [1] except few states like f 0 (1500), f ′ 2 (1525) and a 2 (1700) (see Table-3  &4) . Moreover, the states f 0 (1500), f ′ 2 (1525) and f 0 (1710) have been found in the literature with the possibilities of other structures like glueball or tetraquark [49] . Whereas, in the Ref. [1, 33, 34] the state f ′ 2 (1525) and f 0 (1710) have been predicted as a promising VV molecule. Our calculated mass spectra of the state f ′ 2 (1525) and f 0 (1710) are in agreement with [1, 33, 34] and suggest it as VV-molecule. Even more, some states like a 0 (1450) and f 2 (1810) have not confirmed place in the PDG list [1] .
In the framework of the present study, we have only incorporated the pion and sigma exchange as SU(2) symmetry. The tensor and spin-orbit coupling may have significant contribution which are very useful for L =0 as well as for mixed states. To confirm the molecular structures of all these states, one has to study other properties like decay width, possible coupling, etc. Our aim of the present study is to give the attention to all these states which may have a possible molecular internal structure and the predicted mass spectra will provide reference for future study of molecular dimesonic states. We will take this study one step further ahead by including other mesons contributions with possible S-D wave mixing, as our future study.
Finally, in this paper, we are able to calculate the S-wave masses and digamma decay widths of the dimesonic states in the light meson sector. We would like to improve and implement this model to calculate heavy flavour mesons as well as for higher excited states.
